Cultural, biological and chemical control of the white rot fungus (Sclerotium cepivorum, Berk) 
Introduction
Red onion is a vegetable of great importance and with the highest internal consumption nationwide, which is grown intensely in different areas. It also has a great social relevance since its production creates a permanent source of labor and favors, indirectly, the economic family income. National onion production is aimed to mainly cover the internal market, being red onion, the primary type of onions produced, which is focused, mostly, in Arequipa, department taking part and generating relevant amounts of production volumes, making more than the 70% of the national production (SIEA, 2012) .
Production is influenced by many factors that determine the growing yields and final quality of harvests. It should be noted within these factors the negative effect diseases caused. Species from the Allium kind, are widely damaged by the Sclerotium cepivorum Berk fungus (Schwartz &Mohan, 2008) . In Arequipa, onion growing is at high risk of being affected by the white rot, directly damaging the commercial product. This pathogen causes significant losses that might rise to the 100% since it is difficult to control and because control strategies used are poorly efficient, and so, many farmers have changed crops definitely or keep cultivating in completely infested grounds, which represents high production costs and considerable crop losses. Taking into consideration the great economic importance of this growing and the inefficiency of traditional control and preventive methods this research paper attempted to find feasible alternatives regarding the phytopathogen control that causes white rot, by means of biological and chemical controls and the addition of organic residues. Objectives • Determine the effect of broccoli residue addition on the sclerotia density found in the soil.
• Determine the best fungicides and biocontrol agents that allow better quality and higher production of red onions.
Materials and Methods

Experiment location
The experiment was carried out in two phases, one in the laboratory and the other at field conditions. The laboratory phase was developed at the Laboratorio del Departamento de Fitopatología (Department of Phytopathology´s laboratory) from the Universidad Nacional Agraria La Molina. And the field phase was carried out at the Chilina valley, district of Cayma, province and department of Arequipa, located at 16°28`south latitude, 71°27`west latitude and 2,300 m.a.s.l.
Sampling collection
Infested onion bulbs collected were those that showed symptoms (yellowish color on outer leaves, wilt) and signs (sclerotia and mycelium) of the Sclerotium cepivorum Berk pathogen. Collected samples were placed in paper bags and taken to the laboratory for pathogen isolation.
Isolation of Sclerotium cepivorum
Small portions of the infected tissue were cut, covering the disease growing area and survival structures. These pieces were disinfected using sodium hypochlorite at 1% (during 5´ for the affected tissue and 10´ for sclerotia); then they were grown in Petri dishes with potato dextrose agar oxytetracycline (PDAO), incubated at 20ºC. Once fungi colony was developed, subcultures were made until obtaining pure cultivation.
Laboratory phase a) In vitro biological and chemical control test:
The potato dextrose agar (PDA) medium was prepared to carry out the poisoned food test. In an Erlenmeyer containing the selective medium (45ºC), a fungicide treatment was added along with the mixture homogenization and this was plated inside an aseptic chamber, using a 0.5 cm diameter punch, small areas of Sclerotium cepivorum mycelium were cut and placed in the middle of the surface of the medium contained in the plate. The procedure from the biological control test was the same used for the chemical control.
Commercial and biological fungicide treatments used for this test are shown in table 1. The design was completely randomized (DCA, by its Spanish acronym), having four repetitions per treatment. The evaluation consisted of making daily entries of the radial growth of the fungi colony developed in the plate containing poisoned food, and these were compared to the reference samples. The experiment concluded when the reference sample showed fungi increase along the entire surface of the medium; the most efficient fungicides where those that did not allow the pathogen growth. Field phase a) Ground preparation and delimitation of experiment area: Experiment was located at an agricultural land for commercial onion production having a white rot (Sclerotium cepivorum Berk) presence background.
b) Experiment field characteristics:
This study was carried out in a total area of 450 m 2 , which was divided into two equal sections of 225 m 2 and located at each one blocks and patches of 6m 2 . In one of the experiment area sections, broccoli residues were added in a quantity of 5 Kg/m 2 , and it was covered with a transparent polyethylene fabric, and later, weekly irrigation was performed to make the residue decomposition process easier. After 30 days, furrow mapping and onion seedling plantation on the definite field at a 250,000 plant/ha density was carried out. The experiment was made under the completely randomized block design (DBCA) for the effect of fungicides and biocontrol agents in front of the pathogen, with 21 experimental units, three blocks with seven randomly distributed treatments per each block, both for the experiment area with broccoli addition and for the experiment area without broccoli addition. An individual analysis was carried out for each patch (with and without broccoli) and also, a homogeneity test of variances so to later proceed to make the combined analysis, where the brassica factor was included to analyze its effect. The statistical test F was performed for the different mean squares and the Turkey test at 0.05 of significance to compare averages of treatments. Treatments (fungicides and biocontrol agents) used for this phase were the same used for the in vitro test, for both experimental field sections ( 
Yield:
The production by kg from each treatment and each repetition was evaluated.
Results
In vitro test. Isolation of Sclerotium cepivorum: Colonies of
Sclerotium cepivorum isolated in PDAO showed the following characteristics: White colony, during the entire mycelial growth, very fine cottony mycelium adhered to the substrate, radial growth colony. Throughout the colony growth, small conglomerations of mycelium were formed or formation of sphere-shaped black sclerotia.
In vitro biological and chemical control of Sclerotium cepivorum: Chemical products tested "in vitro" inhibited the development of Sclerotium cepivorum as well as biological products. Chemical products that completely inhibited pathogen growth were Iprodione (T2) and Carbendazim (T5); therefore, they the most effective products; meanwhile, fungicides Thiabendazole (T3) and Boscalid (T4) allowed the development of the pathogen before completely inhibit it. On the other hand, biocontrol agents also effectively inhibited pathogen growth. Bacillus subtilis inhibits the development of S. cepivorum more rapidly than T. harzianum. Boscalid and T. harzianum products in the ANVA test and statistical significance turned out to be highly significant regarding the other treatments and at the Tukey multiple comparison test (P<0.05) it could be observed that in Thianendazol, Iprodione, B. subtilis, Carbendazim products there are not statistically significant differences among them. Finally, there is a highly significant difference of the reference in regards of treatments, since its growth was satisfactory and completed its growth upon four days. In Table 3 , results from the variance analysis and the statistical significance from the Sclerotium cepivorum growth inhibition by fungicide and biocontrol agent inhibition are shown. Thiabendazole Mertect 500 SC 250 mL Systemic T 4 Boscalid Cantus 500 WG 400 g Systemic T 5
Carbendazim Protexin 500FW 500 mL Systemic T 6 T harzianum
Bacillus subtilis Serenade 1000 mL Biocontrol ag.
c) Sclerotia count of Sclerotium cepivorum Berk.:
The initial population (Pi, by its Spanish acronym) of sclerotia for both experimental field sections and the final population (Pf, by its Spanish acronym) was determined by the end of the experiment. Samples of 1kg of soil per patch were taken and as of treatment, considering each point from each experimental unit. Collected samples were placed in a paper bag and taken to a 60°C stove for five days. The sucrose flotation technique (Utkhede & Rahe, 1979) was to determine the sclerotia population, and they were put under the stereoscope to count the amount of sclerotia present. A homogeneity test of variances was made between brassica patches and without brassica patches, where it was determined that there is enough homogeneity to be able of performing a combined analysis.
d) Biological and chemical control test on field:
Applications of fungicides and biocontrol agents were made in two instances: First application: after transplantation, a total of 150 plants were treated by root immersion for 15 minutes, in a fungicide solution or biocontrol agents according to the treatment and appointed doses.
Second application: After the appearance of first symptoms, which were presented upon 60 days after the transplantation (ddt). The application was made on the plant stem, using a 20-litre bag at a continuous stream.
Third application: During the crop´s critical time, which corresponds to the formation and thickening of the bulb. Application was done to the plant stem upon 105 (ddt), using a 20-liter bag at a continuous stream.
e) Variables to be evaluated:
Initial population (Pi) and final population (Pf) of sclerotia: The initial population (Pi) of sclerotia from both 
Field results Experiment with no broccoli addition Final and initial sclerotia population:
The number of sclerotia in treatments and repetitions was variable; however, the variance analysis (ANVA) shows that there are no significant statistical differences between blocks and between treatments, with a coefficient of variation (CV) of 30.56%. The initial inoculum of Sclerotium cepivorum was increased in treatments; however, there are no significant statistical differences between blocks and between treatments for final sclerotia population, with a coefficient of variation (CV) of 28.38 %.
Incidence:
In the variance analysis there are no statistical differences between blocks, but in fact, significant differences between treatments have been observed; there are differences between fungicides applied for controlling the Sclerotium cepivorum. When performing the comparison test as of Tukey, the T1 (reference), is statistically equal to treatments with fungicide: T5 (Carbendazim), and biocontrol agents: T7 (B. subtilis) and T6 (T. harzianum), recording the biggest incidences, and therefore, the pathogen behavior was not affected by the effect of fungicides and biocontrol agents. The T4 (Boscalid) showed a better fungicidal effect against the pathogen since it showed a lower incidence percentage of 17.78%, Table 4. comparison test of Tukey, the T1 and T5, there are no significant differences and the disease development was statistically higher in AUDPC values; while at treatment 4 (Boscalid), there are significant differences between treatments, since it shows a lower value of AUDPC. Table  4 . The efficiency treatment percentage, with a higher rate of S. cepivorum control, was, T4 with 70.82%, followed by T2 with 41.64%. Severity: The variance analysis, ANVA, determined that there are significant differences between blocks and treatments, with a C.V of 11.33 %, severity in the bulb was highly significant between treatments, and during treatments, it was shown that they had the highest incidence percentage. The T4 presented highly significant differences among them, and also shown the lowest severity levels, with a percentage of 11.67 %, which corresponds to degree 3, with the presence of pathogen´s plant structures in roots and the outer part of the bulb, which allow classifying these bulbs as commercial ones. The reference treatment presented the highest severity levels with 54.63 % of severity, which corresponds to a degree 5, with the presence of non-usable or non-commercial bulbs. Table 5 shows Tukey´s comparison test and the severity percentage in treatments. Yields: The harvested commercial bulb yield was classified by first quality, second quality and total yield; variance analysis ANVA were carried out for each one, where for first yields highly significant differences were shown between blocks and treatments with a coefficient of variation of 22.03%. This shows that yields both from blocks and treatments were variable, presenting certain difference due to the high sclerotia density and high disease incidence, and as a consequence, different severity degrees were shown in the several phenological stages of the growing, impacting yields as a result. The variance analysis in the second quality yield does not show significant differences between blocks and treatments, with a coefficient of variation of 24.80 %. As for the total yield, there are no differences between blocks, but they are between treatments. First quality yield, the T4 (Boscalid) showed the highest values with 28.06 T/ha, and it was significantly different in regards of the other treatments, lowest levels of yield were for the reference and T5 (Carbendazim) with 4.31 and 8.06 T/ ha, respectively. As for the second quality yield, no significant differences between treatments are shown. Finally, as for the total yield, treatment 4 had the highest yield with 38.33 T/ha, and with a lower incidence percentage and lower degree of severity of bulbs, followed by treatment 2, (Iprodione) with 25.56 T/ha. The lowest yield was shown in treatment 5 (Carbendazim) with 15 T/ ha. Table 5 . A comparison of epidemics was carried out using the area under the disease progress curve (AUDPC). In the Experiment with broccoli addition Initial and final sclerotia population: The number of sclerotia in treatments and blocks was variable, as a result, there several sources of initial inoculum. However, the variance analysis performed (ANVA) shows that there are no significant statistical differences between blocks and treatments, with a coefficient of variation (CV) of 29.42; the variance analysis performed (ANVA) showed that the final population of sclerotia in the experimental field does not present significant statistical differences between treatments and between blocks, with a coefficient of variation (CV) of 29.40 %.
Incidence: There are statistical differences between blocks and highly significant differences between treatments with a coefficient of variation of 9.11%. At the comparison test of Tukey, the T1 (reference) and T5 (Carbendazim) are statistically equal and presented the highest percentages of final incidence; while T3 (Thiabendazole), T6 (T. harzianum) and T7 (B. subtilis) presented an effect on the pathogen statistically equal, since there are no differences between these treatments. Lowest final incidence percentages and best fungicidal effect against the pathogen was presented in T4 (Boscalid). Table 6 . At the area under the disease progress curve (AUDPC) there are no significant differences between blocks, but there are highly significant differences between treatments, and thus the epidemiological development in treatments had a different behavior among them. In the comparison test between T1 (reference) and 5 (Carbendazim), there are no significant differences. The T4 (Boscalid) shows a lower value of AUDPC, and therefore, there is a highly significant difference between treatments. As for the coefficient of variation, the highest percentage of control for S cepivorum with T4 is 79.01%, followed by T2 with 43.52%, the lowest percentage of control was obtained from the treatment 5 with a percentage of 12.35%. Table 6 .
Severity:
The variance analysis ANVA determined that there are no statistical differences between blocks but there are significant differences between treatments with a C.V of 9.40 %, the biggest damage in bulbs was presented in T1 (reference) with a 48.89 %, which corresponds to a degree 5, according to the assessment scale, where plant and conservation structures from the pathogen and nonprofitable bulbs are shown. The T4 (Boscalid) with a severity percentage of 7.04 % corresponding to a degree 3 of severity, where harvested bulbs can be considered as profitable, or with low severity levels; therefore, T4 in regards of the other treatments, presented highly significant differences, likewise, incidence levels of the disease were lower in this treatment, increasing upon 105 days, bulb filling stage, and remaining constant throughout time. Table 6 .
Yield: Variance analysis for first and second quality bulbs shows significant statistical differences between blocks and treatments, with a coefficient of variation of 23.43 % and 31.17 % respectively. The total yield shows that there are no differences between blocks; however, there were differences between treatments with a coefficient of variation of 15.72 %. In the comparison test for first quality yields, the T4 (Boscalid) showed the highest values with 38.33 T/ha, and it was significantly different regarding the other treatments, including the reference treatment, which showed the lowest levels of yield along with Treatment 5 (Carbendazim) with 5.19 and 8.28 T/ha, respectively. The biggest second quality yield is shown in the reference treatment with 20.83 T/ha, with a tendency of having a yield similar to the other treatments, excepting for the T4 (Boscalid). The highest total yield was presented by T4 with 43.33 T/ha, with significant differences between treatments using fungicides and biocontrol agents. Combined analysis of the two experiments with broccoli and without broccoli Final and initial sclerotia population: The combined analysis in its variation block source within brassicas; treatment brassicas and brassica treatment interaction does not show a significant statistical difference. The comparison test of brassicas factor in the two experimental fields (with and without broccoli) did not show significant differences in the final and initial sclerotia population.
Incidence:
The combined analysis does not show statistical differences between the final incidence and AUDPC, so to determine the difference between these two experimental fields and final incidence treatments and AUDPC, a Tukey´s multiple comparison tests were performed. Where fields with an addition of broccoli and with no broccoli show no significant differences, thus, brassica effect did not impact on the pathogen behavior; however, AUDPC and final incidence averages for the field with addition of broccoli were lower in final incidence percentage with 50.95 % and AUDPC with 1822.6. The comparison test of the combined final incidence analysis shows statistical differences between chemical and biological treatments. The T4 showed highly significant differences with a lower final incidence percentage of 14.4 %. T1 and T5 are the treatments with the highest values on the development of the disease progression curve AUDPC, there were no significant differences with treatment 7, but there were statistical differences regarding the other treatments. Treatment 4 showed significant differences between treatments using biocontrol agents and treatments using fungicides, with a lower level in AUDPC of 712.50. Fig.1 .
The best treatment was Boscalid; treatments Thiabendazole and Carbendazim had a poor effect on the pathogen, which did not stop the disease development. Product efficiency decreases, and more applications will be needed to reach the same control percentage since control effect from fungicides is partial. As for the control effect from biocontrol agents, fighting capacity depends mainly on environmental conditions, soil type, formulation, pathogen and pathogen-host relation. 
Severity:
The variance homogeneity test between patches with broccoli and without broccoli showed that there is homogeneity to perform the combined analysis. There are significant differences too between brassica block factors and treatment factors. There are no significant differences in the brassica treatment factor because brassica effect was a determining factor for the disease development and in the manifestation of symptoms and signs. The Tukey´s comparison test 0.05, showed that the brassica factor did not present significant differences between them, the severity percentage for both fields was statistically the same in regards of its severity manifestation in harvested bulbs. T1 (reference) and T5 (Carbendazim) are statistically equal and with high severity percentages of 51.76% and 45.41% respectively. T4 (Boscalid) showed a lower severity percentage regarding the other treatments with 9.35%, is statistically different.
Yields:
A variance homogeneity test was performed on the patches with broccoli and with no broccoli, which showed that there is homogeneity was done a combined analysis, the coefficient of variation was 44.32%. The brassica factor (with broccoli and no broccoli) in the Tukey´s comparison test, 0.05, presented significant differences between the addition of brassicas and with no addition of brassicas, therefore, this effect influences treatments and bulb production (T/ha). The First quality yield of treatments T5 (Carbendazim) and T1 (reference), showed the lowest values of yield, being statistically different regarding treatment T4 (Boscalid), which showed the highest value of yield with 33.20 T/ha. The second quality yield showed significant differences between treatments; thus, the brassica factor influences the yield. The total yield in the comparison tests showed significant differences and a higher yield in treatment 4 (Boscalid) with de 40.83 T/ ha. Table 8 .
Profitability analysis
Net profitability analysis reaches its highest value in treatment T4 (Boscalid) with 0.68 with no addition of broccoli, and profitability of 1.00 in the area treated with the addition of broccoli. Also, it should be noted that among treatments being studied, in the area with brassica residues is seen three treatments showing positive profitability and unlike the untreated area, they contributed directly in obtaining a better production. The rest of treatments showed negative profitabilities in this trial. Therefore, from this point of view, the best treatment was treatment 4. Oliveira et al (1982) , who performed fungicide tests with five isolations from different locations of Sclerotium rolfsii (fungus similar to S. cepivorum), where he found that the in vitro sensitivity effect from different fungicides on the radial mycelium growth and the growing tendency of the Sclerotium rolfsii fungus was effective. He also mentions that the Thiabendazole and Iprodione presented fungicidal effects, delaying the mycelial growth. It could be assumed that the same behavior would be present for another type of fungicide, such as the Boscalid, and that its fungicidal effect could vary according to the different fungus isolations. Contrasting results had already been noted by other researchers for this fungus, which previous works showed variation in reactions of the mycelial growth from different fungus isolation, using fungicides such as Utkhede and Rahe (1983) , proved the effective control in vitro of S cepivorum with four isolations of the B subtilis bacteria. Regarding T. harzianum, a pathogen growth inhibition occurred, with a radial growth of 13,44 mm, which represents a 69.1%. These results also agree with reports from Oliveira et al. (1982) , Arenas (1997) , Obregón (2001) ; who obtained similar controls of S. cepivorum, by using Trichoderma harzianum.
Final and initial sclerotia population with no broccoli addition: According to what was reported and the number of initial sclerotia in treatments with densities of 0.45 to densities of 0.77 sclerotia per soil gram, are capable of producing very high incidences of disease on field, and their behavior regarding the disease development will depend on favorable conditions and control measures performed to inhibit or delay their infection. Rosas et al. (2010) , point out that there is only enough one sclerotium per soil gran, this is equal to 1,000 sclerotia/kg of soil, to produce the death of 100% of onion plants.
Initial and final sclerotia population with broccoli addition:
The initial population of Sclerotium cepivorum regarding the final population was increased in treatments in an aggregate way, Coley Smith et al. (1990) , mentions that survival structures in S cepivorum are very resistant against adverse conditions and its survival is kept above the 92%, and feasibility can reach up to 96% between 5 and 10 years that remain in the ground.
Incidence with broccoli and without broccoli: The lowest control percentage was obtained from T5 and presented a behavior equal to the reference treatment. In the case of biocontrol agents, T. harzianum was more effective than B. subtilis. These results coincide with results obtained by Rosas et al. (2010) , where T. harzianum´s efficiency was proved in a higher percentage than Bacillus subtilis for the control of S cepivorum. et al. (1990) , mentions that the low efficiency of some fungicides (Thiabendazole, Carbendazim, Iprodione) is due to the microbial degradation, and also adds that, the control is more limited as sclerotia population increases in the soil.
Combined analysis of the two experiments with broccoli and without broccoli Final and initial sclerotia population: Sclerotia density at the area treated with residues was reduced; however, there no significant differences between both experimental areas, Villar et al. (1990) mentions that when adding cabbage or broccoli residues on the soil infested with S. cepivorum, this significantly reduces the number of dead plants and the disease incidence.
Conclusions
Fungicides Iprodione and Carbendazim were the ones that completely inhibited the growth of the in vitro pathogen, which showed significant differences regarding the reference treatment. The best product for the in vitro biological control of Sclerotium cepivorum was Bacillus subtilis, which inhibited the fungus growth a lot faster than Trichoderma harzianum that also achieved a good control but with a slower inhibition. Field conditions with broccoli residues and without broccoli residues, fungicides that had a better control effect were Boscalid with 79.01% and 70.82% and Iprodione with 43.52% and 41.64% against Sclerotium cepivorum and also having a lower incidence percentage and a lower severity level in bulbs. In field conditions with broccoli residues and without broccoli residues, Trichoderma harzianum had a better control effect with 34.57% and 31.16% against Sclerotium cepivorum, unlike Bacillus subtilis with 19.14% and 11.05%.
The effect of adding broccoli residues on the sclerotia density on the soil was not statistically significant, but with the addition of broccoli residues, there were significant statistical differences for incidence, severity and yields, both for patches with chemicals, biocontrol agents and on the reference one. Also, lower percentages of incidence, severity and higher yields were obtained, unlike the case with no addition of broccoli residues. Treatments that showed a higher yield in red onion production was treatment 4 (Boscalid) with yields of 43.33 T/ha for the area with the addition of broccoli, and 38.33 T/ha for the area with no addition of broccoli; followed by treatment 2 (Iprodione), where yield on the area with addition of broccoli was 28.33 T/ha and on the area with no addition of broccoli was 25.56 T/ha.
